Introduction
During the last two decades the use of organolanthanide complexes for catalysis developped extensively, 1 and specially in favour of polymerisation. 2, 3 Among these complexes, hydrides and alkyls were the most preferred. However, if the lanthanide hydrides have been proved to be powerful catalysts towards a lot of interesting chemical transformations, their access remains a challenging problem, since they are exceedingly reactive. 4 Also, they are obtained by hydrogenolysis of alkyl derivatives, which require drastic protection towards air or moisture. 5 showing a behaviour very similar to that of a pure lanthanide hydride. 9 On the other hand, towards apolar monomers, such compounds display a typical halide behaviour:
the presence of a MgR 2 co-catalyst was necessary to enable isoprene 10 or ethylene 11 polymerisation.
The controlled polymerisation of methyl methacrylate had been largely explored in the 1990's, 12, 13 and particularly with lanthanide initiators. [14] [15] [16] [17] [18] Among the reasons for this interest is the search of processes affording high-valuated material, like syndiotactic PMMA. [19] [20] [21] Lanthanide complexes 3, 14, 16, 19, [22] [23] [24] were found particularly efficient for this purpose, with syndiotacticity exceeding 95 % but obtained at very low (-95° C) temperature. The high syndioregularity seemed correlated to the use of ancillary bulky ligands, diketiminate or peralkylated Cp groups, but earlier studies also showed the importance of the solvent, [25] [26] [27] and the presence of a co-catalyst. 28 Anionic polymerisation of MMA initiated by cuprate reagent resulted in highly syndiotactic materials when the experiments were conducted in polar solvent, 29 and predominantly isotactic in toluene. 30 In the course of our studies concerning the valorisation of lanthanide borohydrides for polymerisation, 10 times higher), denoting that only a small percentage of the catalyst had initiated the reaction. However, these preliminary results were considered motivating since a significant control of the tacticity (rr 76 %) was observed, in sharp contrast with the conventional, aspecific, radical polymerisation of MMA.
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The formation of such a high molecular weight polymer was tentatively attributed to the mechanism of the initiation reaction. Indeed, a borohydride group can react with a conjugated carbonyl function, following 1,2-or 1,4-addition. As shown by Yasuda and coll., only the latter pathway leads to an enolate, active in MMA polymerisation, 14 whereas upon 1,2-addition, the resulting alkoxy group is inactive towards the monomer. It is well-known that hard hydrides or Grignard reagents lead preferentially to 1,2-addition, whereas soft reagents such as cuprates give rise to a major ratio of 1,4-addition. 32 Whereas a reagent made of a group III metal remains essentially hard in nature, the controlled polymerisation of MMA could however be obtained from lanthanide alkyl organometallic derivatives. 33 In order to induce a softer character, we attempted to change the hard (boro)hydride ligand for a softer carbon derivative. A series of neodymium and samarium borohydrides complexes were used in this frame.
Borohydrides groups were substituted by zero (S0), one (S1) or two (S2) sterically demanding groups (Chart 1), and we studied the ability of such complexes, as precatalysts, in the presence of variable quantities of alkylating reagent.
((Chart 1)) 2.1. S0 systems °C, in polar, THF, or non polar solvent, toluene or hexane. In standard conditions, yields up to 80 % (runs 3,4 and 6,7) were observed. From Table 1 , the nature of the solvent has a decisive influence on the course of the reaction, as also emphasized in a recent study: 34 in THF, whatever the reagent, lithium or magnesium alkyl, a highly syndiotactic material is formed. On the opposite, if the reaction is performed in toluene, the choice of the alkylating reagent has a great influence. In the presence of Mg n Bu 2 , no stereocontrol is observed (run 2), whereas the use of BuLi leads to a highly isotactic PMMA (run 4). A good stereocontrol could be obtained at 0 °C, by adding an aluminum phenoxide (run 3), known as an activator for MMA polymerisation. 22, 35 This additive has a drastic effect in the absence of alkyl co-catalyst, allowing the formation of highly syndiotactic PMMA (run 1). With BuLi as an alkylating agent, activity is also noticeably increased in the presence of the aluminium additive (95 % in 3 h for run 3; to be compared to 92 % in 23 h for run 4), whereas the tacticity is unchanged.
(( Table 1) )
Most of these results are interesting in terms of stereocontrol, but they are less satisfactory concerning the molecular weights concordance, between measured n M (meas.) and calculated n M (calc.) obtained according to the following relationship:
In most cases, SEC analysis indicated too high molecular weights (110000 measured for 10000 expected, run 7, for example). In the presence of an Al activator, the control of macromolecular data is improved, with narrower PDI (ca. 1.8, runs 1-3).
S1 Systems
Monocyclopentadienyl complexes of the early lanthanides are known to be stable with respect to disproportionation in case of bulky Cp groups only. 36, 37 We used as sterically demanding ligands substituted Cp groups : Cp*' and Cp Ph3 , the latter being very bulky but less donor than a peralkylated one (Chart 1). Experiments were conducted at 0 °C, results are summarized in Table 2 . In THF, the 2a/BuLi system allowed a syndio control (rr 72.7 %, run 9) which is close to that obtained at -40 °C (rr 75.5%, run 7, Table 1 ). One may observe that if activities are in general sensibly lower for halflanthanidocenes in comparison with 1a (Table 1) , the stereocontrol is preserved at 0 °C.
In toluene, an excellent iso-control was observed (mm 93.6 %, run 10) but yields were lower and molecular weights remained much higher than expected. On that subject, one can remember that the monoCp complex Cp*'Sm(BH 4 ) 2 is not monomeric: 36 it was identified as an associated form, hexanuclear clusters. It is probable that in toluene, even in the presence of the polar monomer, and after the addition of an alkylating reagent, the precursor remained under an associated form, giving rise to an initiating species that is clearly not a well defined monomolecular one. On the other way, in THF, the bridges formed by R or BH 4 38 The difference in the access to the metal governed by the different ligands might induce different stereochemistry for the polymerisation reaction. Metallocene 4
and heteroleptic pre-catalysts 7a, 7b were available in the laboratory, complexes 6 and 8
were prepared as described (see experimental). In some cases, pre-catalysts were prepared directly in situ, by addition of the required amount of anionic ligand to a trisborohydride or a bisborohydride precursor, followed by the convenient pre-reaction time. % iso), respectively. As expected, the more the syndioregularity, the higher the Tg value. 39 As a matter of comparison, MMA polymerisation experiments were performed with divalent samarocenes 9, 10 and 11 (Chart 2). 40 No co-catalyst was used, and the experiments were carried out in toluene at 0°C. 3 . This is in sharp contrast with the observed sluggishness of (C 5 Me 5 ) 2 SmCl(THF).
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-In THF, there is a clear propensity for syndio-control, whatever the co-catalyst.
A more significant syndioregularity is also observed, but in toluene, for two kinds of metallocenes both in the absence of co-catalyst: (Cp Ph3 ) 2 Sm(BH 4 ), and the divalent Cp*' 2 Sm. The global unexpectedly high activity for Cp Ph3 complexes may be ascribable to the ease of coordination of the monomer to the acidic metal. Consequently, the hypothesis of a pseudo-ionic mechanism in toluene, leading to chain-end control polymerisation, can be advanced.
-In the presence of an aluminium phenoxide activator, Nd(BH 4 ) 3 (THF) 3 affords PMMA more than 80 % syndioregular.
-A very good iso-control (up to 95.6 %) is obtained with heteroleptic complexes 7a, 7b and 8 using BuLi in toluene, as also observed with half-lanthanidocenes and hindered complex 4.
-About the control of macromolecular data, the Ln-BH 4 The bulk synthesis was performed as described for 2b. A flame dried vessel was charged in the glove box with 452 mg (1.10 mmol) of Sm(BH 4 ) 3 (THF) 3 Obviously the mono substituted complex 3 is in equilibrium with 1b and 6, as frequently observed for ligands of poor electron donating ability. 47, 48 Crude 3 was thus used just as it is for further polymerisation experiments. 
Direct Synthesis of (Cp

Conclusion
This paper presents an extensive study of the use of borohydrido complexes of lanthanides for MMA polymerisation for the first time. Such complexes allow formation of highly syndiotactic or isotactic material, depending on the nature of ancillary ligands, the polarity of the reaction medium and the presence -or not-of an alkylating agent as co-catalyst.
Nd(BH 4 ) 3 (THF) 3 affords highly syndiotactic PMMA, but it is really active only in the presence of an alkylating reagent. Complementary experiments undertaken with divalent samarocenes show that the samarium initiator bearing two bulky Cp*' ligands is one of the best catalysts of syndiospecific polymerisation of MMA yet described: a 88 % syndiotactic PMMA is obtained at 0 °C. 
